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MATERIALS AND METHODS

Animals
mPGES-1 mutant mice were originally generated by Trebino et al. (52) . This mouse colony was propagated at the University of Utah and maintained on a mixed DBA/1lacJ ϫ C57BL/6 background. Genotypes were identified by PCR. All male mice at 3-4 mo of age were maintained under a 12:12-h light-dark cycle (lights on at 6:00 a.m. and lights off at 6:00 p.m.). All procedures were in accordance with guidelines approved by the University of Utah Institutional Animal Care and Use Committee.
Animal Experimental Protocols
Two different protocols were used to produce the Aldo escape model as described in the following. Protocol 1. Under anesthesia, male 3-to 4-mo-old mPGES-1 wild-type (WT) and knockout (KO) mice were subcutaneously implanted with a 14-day osmotic minipump delivering vehicle or 0.35 mg·kg Ϫ1 ·day Ϫ1 of Aldo. Following the procedure, animals were fed a gelled diet containing 0.09% Na ϩ (normal salt). This protocol provided Na ϩ intake at ϳ0.25 meq/day. Immediately after the surgery, the mice were placed in metabolic cages (Hatteras Instruments) for determination of sodium and water intake and output using metabolic cages as previously described (63) . A separate group of Aldo-infused WT mice were fed a gelled diet containing 0.01% Na ϩ to serve as a low-salt control. At the end of the experiment, the kidneys were harvested and blood samples were collected. One kidney was dissected into the cortex and the medulla (containing inner medulla and inner stripe of outer medulla), and half of the tissues were snap-frozen in liquid nitrogen and the other half stored in RNAlater; another kidney was fixed in 4% paraformaldehyde and embedded in paraffin. Urine and plasma osmolality was measured by using an osmometer (Osmett II, Precision Systems, Natick, MA).
Protocol 2. mPGES-1 WT and KO mice were subcutaneously implanted with the minipump delivering 0.35 mg·kg Ϫ1 ·day Ϫ1 of Aldo as described in protocol 1. However, immediately after the surgery, the animals were placed on a low-salt diet for 3 days and then switched to a normal-salt diet to allow the escape to occur (55) . Metabolic studies were started on the last day of the low-salt diet, and therefore the confounding influence of the surgical procedure on metabolic parameters could be minimized.
Blood Pressure Measurement
Systolic blood pressure was measured by the tail-cuff method using the Visitech BP2000 Blood Pressure Analysis System (Apex, NC) (37) . All animals were habituated to the blood pressure measurement device for 7 days. They all underwent two cycles of 20 measurements recordered per day for a minimum of 3 days.
Measurement of Hematocrit
The sphenous vein was punctured using a no. 23-gauge needle and one drop of blood (ϳ5-10 l) was collected using a 10-l capillary glass (Idaho Technology). One side of the tube was sealed with Hemato-Seal and then centrifuged for 4 min in a Thermo IEC microcentrifuge machine.
Quantitative RT-PCR Analysis of Gene Expression in the Kidney
Total RNA isolation and reverse transcription were performed as previously described (41) . Oligonucleotides were designed using Primer3 software (available at http://frodo.wi.mit.edu/cgi-bin/primer3/ primer3_www.cgi), and their sequences are shown in Table 1 . Quantitative PCR (qPCR) amplification was performed using SYBR Green Master Mix (Applied Biosystems) and the Prism 7500 Real-Time PCR Detection System (Applied Biosystems). Cycling conditions were 95°C for 10 min followed by 40 repeats of 95°C for 15 s and 60°C for 1 min.
qRT-PCR Analysis of Gene Expression in Microdissected Proximal Tubules
mPGES-1 WT mice received subcutaneous infusion of vehicle or Aldo (n ϭ 5/group) for 14 days in conjunction with a normal-sodium diet as described in protocol 1. Under anesthesia, the left kidney was perfused with 5 ml of cold saline followed by 5 ml of culture medium (DMEM, St. Louis, MO) containing 1 mg/ml of collagenase. Slices of renal cortex were incubated in the same DMEM-collagenase solution for 20 min at 37°C. Microdissection was performed at 4°C under a stereomicroscope as described elsewhere (60) . Five millimeters of proximal tubules were microdissected, snap-frozen in liquid nitrogen, and stored at Ϫ80°C. Two to three specimens were collected from each animal. qRT-PCR for mPGES-1 and type 3 Na ϩ /H ϩ exchanger (NHE3) was performed using a TaqMan MicroRNA Cells-to-CT kit from Applied Biosystems.
Immunoblotting
Renal cortices and medullas were lysed and subsequently sonicated in PBS that contained 1% Triton X-100, 250 M PMSF, 2 mM EDTA, and 5 mM DTT (pH 7.5). Protein concentrations were determined by the use of Coomassie reagent. Forty micrograms of protein for each sample were denatured in boiling water for 10 min, separated by SDS-PAGE, and transferred onto nitrocellulose membranes. The blots were blocked overnight with 5% nonfat dry milk in Trisbuffered saline (TBS), followed by incubation for 1 h with the mPGES-1 polyclonal antibody (catalog no. 160140; Cayman Chemical, Ann Arbor, MI) or the ␥-ENaC polyclonal antibody (catalog no. 
qPCR, quantitative PCR; ENaC, epithelial Na ϩ channel; NCC, Na ϩ -Cl Ϫ cotransporter; NKCC2, Na ϩ -K ϩ -2 Cl Ϫ cotransporter; NHE3, type Na ϩ /H E4902; Sigma). After a washing with TBS, blots were incubated with goat anti-rabbit horseradish peroxidase-conjugated secondary antibody and visualized using enhanced chemiluminescence.
Enzyme Immunoassay
Urine samples were centrifuged for 5 min at 10,000 rpm and diluted 1:1 with enzyme immunoassay (EIA) Buffer. Concentrations of PGE 2 were determined by EIA according to the manufacturer's instructions (Cayman Chemical).
Immunohistochemistry
Kidneys were fixed with 3% paraformaldehyde and embedded in paraffin. Kidney sections (4-m thickness) were incubated in 3% H2O2 for 10 min at room temperature to block endogenous peroxidase activity. The slides were boiled in antigen retrieval solution (1 mM Tris·HCl, 0.1 mM EDTA, pH ϭ 8.0) for 15 min at high power in a microwave oven. The sections were incubated overnight at 4°C with primary antibodies at appropriate dilutions. Antibodies against mPGES-1 were from a commercial source (rabbit anti-mPGES-1; catalog no. 160140, Cayman Chemical). Antibodies against renal sodium and water transporters, including NHE3 (16) and aquaporin-2 (AQP2) (11), have been described previously. After a washing with PBS, the secondary antibody was applied and the signals were visualized using an ABC kit (Santa Cruz Biotechnology).
Statistical Analysis
All values are presented as means Ϯ SE. Repeated measures ANOVA was used to analyze data from the time course studies (Fig. 1 , A and C, and see Figs. 6, 9, and 10) with an unpaired Student's t-test to identify differences at a single time point. For the end-point studies of plasma and urine osmolality, renal expression of sodium and water transporters, an unpaired Student's t-test was used for comparisons between mPGES-1 WT and KO mice and a paired Student's t-test for comparisons within mPGES-1 WT and KO mice groups. Differences were considered to be significant when the P value was Ͻ0.05. Fig. 1 . Evaluation of aldosterone (Aldo) escape in microsomal prostaglandin E synthase-1 (mPGES-1) wild-type (WT) and knockout (KO) mice. Animals were chronically infused for 14 days with Aldo at 0.35 mg·kg Ϫ1 ·day Ϫ1 via an osmotic minipump and fed a normal-salt diet throughout the entire experiment. Unless otherwise specified, the rest of the data were generated with the same protocol. Hematocrit (Hct; A), body weight gain (B), and systolic blood pressure (C) were monitored at the indicated time periods. *P Ͻ 0.01 vs. day 0 in the same strain. #P Ͻ 0.01 vs. WT at the corresponding period; n ϭ 5-6/group (A and B) and n ϭ 5-11/group (C). 
RESULTS
Evaluation of Fluid Status and Blood Pressure
The escape model was generated in mPGES-1 WT and KO mice by chronic Aldo infusion (0.35 mg·kg Ϫ1 ·day Ϫ1 ) in conjunction with a gelled diet containing 0.09% Na ϩ . Aldo infusion elevated plasma Aldo concentrations from 351.9 Ϯ 41.1 to 1,458.0 Ϯ 308.1 pg/ml in WT mice (n ϭ 7-8, P Ͻ 0.05) and from 482.1 Ϯ 59.4 to 1,801.8 Ϯ 494.3 pg/ml in mPGES-1 KO mice (n ϭ 6 -11/group, P Ͻ 0.05). The values between the genotypes were not different after Aldo infusion (P Ͼ 0.05) despite a statistical difference in the basal condition (P Ͻ 0.05). Over a 14-day experimental period, hematocrit (Hct) was monitored to indirectly reflect the changes in plasma volume in Aldo escape (Fig. 1) . On day 2, Aldo infusion in WT mice induced a transient fall in Hct (P Ͻ 0.05), followed by a rapid return to normal levels on day 4. While this treatment in mPGES-1 KO mice led to the steepest fall of Hct on day 4, it failed to return to normal levels on day 14, suggesting the lack of escape. Compared with WT controls, mPGES-1 KO mice exhibited a significant body weight gain that was noticeable on day 4 and maximal on day 14 (Fig. 1B) . Following Aldo infusion, a modest increase in blood pressure was similarly detected in mPGES-1 WT and KO mice, and there was only a trend of difference between the genotypes (Fig. 1C) . After a 14-day Aldo infusion, plasma sodium concentrations remained normal in WT mice but significantly elevated in the KO animals ( Fig. 2A) . The hypernatremia in the KO mice was associated with a trend of increased plasma osmolality (Fig. 2B) . However, urinary osmolality in these mice was decreased but not increased, suggesting a urine concentrating defect (Fig. 2C) .
Expression Profiles of Renal Sodium and Water Transporters
Downregulation of renal sodium transporters has been implicated in the development of Aldo escape. Therefore, we compared the expression profiles of renal sodium and water transporters between mPGES-1 WT and KO mice subjected to a 14-day Aldo infusion (Fig. 3) . Aldo escape in WT mice was associated with a widespread inhibition of mRNA expression of all sodium transporters examined, including renal cortical NHE3, Na contrast, the escape-associated downregulation of most of the transcripts was significantly attenuated or completely blocked in mPGES-1 KO mice; in these mice, the expression of ␣-ENaC and NCC was even upregulated by Aldo treatment. Some of these results were subsequently validated at protein levels. For example, immunoblotting detected an 80% reduction in renal protein abundance of ␥-ENaC in the escaped WT mice that was significantly attenuated in mPGES-1 KO mice (Fig. 3J) . Immunohistochemistry of NHE3 showed apical labeling in the proximal tubule that was reduced in the escaped WT mice. In contrast, this reduction of NHE3 immunoreactivity was not obvious in mPGES-1 KO mice (Fig. 3K) . Renal AQP2 displayed a pattern of changes similar to that of the sodium transporters. Immunohistochemistry showed that Aldo infusion induced a consistent reduction of renal cortical and medullary AQP2 immunoreactivity in mPGES-1 WT but not KO mice ( Fig. 4A, cortex; Fig. 4B, medulla) . By qRT-PCR, renal cortical and medullary AQP 2 mRNA in mPGES-1 WT mice was found to be reduced by 70 and 60%, respectively, both of which were significantly attenuated in mPGES-1 KO mice ( Fig. 4C, cortex; Fig. 4D , medulla). Renal mRNA expression of AVP V 2 receptors displayed a pattern of changes almost analogous to that of AQP2 ( Fig. 4E, cortex; Fig. 4F , medulla). Interestingly, the baseline expression of V 2 receptors in the medulla but not in the cortex was significantly elevated in mPGES-1 KO mice compared with WT controls (Fig. 4E , cortex; Fig. 4F, medulla) . Immunoblotting showed that Aldo infusion significantly downregulated AQP2 protein expression in the cortex and to a lesser degree in the medulla of WT mice (Fig. 5) . In contrast, the downregulation was not seen either in the cortex or in the medulla of mPGES-1 KO mice (Fig. 5) .
Evaluation of Urinary PGE 2 Excretion and Expression of Key Enzymes in the PGE Synthesis Pathway
Aldo escape in mPGES-1 WT mice was associated with a time-dependent increase in urinary PGE 2 output that was markedly attenuated in mPGES-1 KO mice (Fig. 6 ). Immunohistochemistry was performed to determine the intrarenal distribution of mPGES-1 WT mice in Aldo escape. As expected, under the baseline condition, a low level of expression of mPGES-1 was detected to in the collecting duct (Fig. 7, left) . In the animals fed a normal-salt diet, Aldo infusion induced mPGES-1 expression in the proximal tubule (Fig. 7A, middle) . To determine whether this induction was related to the escape phenomenon or to Aldo per se, we performed a parallel analysis in mice that received the same Aldo infusion but were fed a low-salt diet. In the salt-depleted animals, Aldo infusion no longer exhibited a stimulatory effect on expression of any of the enzymes (Fig. 7A, right) . By immunoblotting, we detected mPGES-1 protein in the renal cortex as a 16-kDa band that exhibited a twofold increase in response to Aldo infusion (Fig.  7B) . In contrast, the expression of mPGES-2 remained unchanged (Fig. 7B) . Considering that the proximal tubule is not a typical site for the expression of PG synthesis enzymes, we performed qRT-PCR and a microdissection technique to validate the immunostaining results. As expected, the escaped WT animals exhibited a significant increase in mPGES-1 expression in the microdissected proximal tubules (Fig. 8A) . In an opposite direction, the expression of NHE3 in these cDNA samples was remarkably downregulated (Fig. 8B) . The predicted pattern of changes in NHE3 expression documented the validity of the technique.
Metabolic Studies
Sodium and water balance in mPGES-1 WT and KO mice during mineralocorticosteroid excess was initially evaluated with the above-described protocol. According to this protocol, animals were implanted with a minipump during Aldo infusion and immediately placed in metabolic cages. During the first 2 days of Aldo infusion, a persistent reduction of sodium and water intake was observed in both genotypes (Fig. 9) because of the confounding influence of pain and anesthesia associated with the surgical procedure. Starting from day 4 after recovery from the surgery, the two genotypes exhibited differences in the response to Aldo infusion. Sodium intake significantly increased in the KO mice from days 4 -10 and returned to normal on day 14 (Fig. 9A) , but urinary sodium excretion remained unchanged (Fig. 9B) . Compared with WT controls, the KO mice exhibited increased sodium accumulation as a result of increased sodium intake from day 4 to day 10, and were able to reach sodium balance on day 14 (Fig. 9C) . The changes in water output and intake and water balance followed almost exactly the same pattern as for sodium except that the KO mice were still not in water balance on day 14 (Fig. 9,  D-F) . The metabolic parameters were reevaluated using a different protocol which allowed for analysis of the early changes in escape-related natriuresis in the absence of the confounding influence of the surgical procedure (55). Accord- ing to this protocol, a low-salt diet was implemented at the same time of Aldo treatment, and metabolic studies were not performed until the animals recovered from the surgery. Following the collection of baseline metabolic data, the escape was induced by treatment with a normal-salt diet. After the switch from a low-to normal-salt diet, WT mice exhibited a parallel increase in sodium intake and excretion and a transient positive sodium balance (Fig. 10, A-C) . On day 1 of the normal-salt diet, WT mice exhibited a more than twofold increase in urinary sodium excretion (Fig. 10B) . In contrast, the increase in urinary sodium excretion in the KO mice was not seen until day 3 of the normal-salt diet; at the subsequent time points, urinary sodium excretion in the KO mice was not different from their WT controls but was inappropriately low compared with increased salt intake. A greater increase in sodium intake was observed in the KO mice from day 3 to day 5 (Fig. 10A) . Sodium balance in the KO mice was elevated from day 1 to day 5 and returned to normal afterward (Fig. 10C) . At baseline, the KO mice had increased water intake and excretion but were in water balance following 3 days of Aldo infusion (Fig. 10, D-F) . After the switch from a low-to normal salt diet, the KO mice exhibited increased water intake from day 3 and day 5 and increased sodium balance from day 1 to day 5 (Fig. 10D&F) , a pattern similar to that of sodium.
DISCUSSION
COX-2-selective inhibitors, which include the coxibs celecoxib, rofecoxib, and valdecoxib, have dominated the prescription drug market for NSAIDs but are unfortunately associated with cardiovascular consequences, including fluid retention and hypertension (17, 27) . As a result, rofecoxib has been withdrawn from the market. There is an ever-increasing demand for alternatives to COX-2 inhibitors. mPGES-1 has received much attention as a promising novel target for antiinflammatory drugs (38) . The lesson from COX-2 inhibitors highlights the importance of careful examination of possible physiological functions of mPGES-1. Our previous studies suggest potential roles of this enzyme in regulation of a number of physiological processes involving renal and vascular responses during salt loading and ANG II infusion (32, 33) , despite some discrepancies with other studies (7, 19) . The present study presents new evidence that mPGES-1 is an important determinant of the renal and central responses to excess Aldo.
A major goal of the present study was to investigate the role of mPGES-1 in Aldo escape by comparing the response of mPGES-1 WT and KO mice to a high dose of Aldo infusion in conjunction with normal salt intake. High doses of Aldo infusion in humans (65), dogs (10) , and rats (55) are known to cause transient sodium retention followed by restoration of normal sodium balance. As expected, on day 2, Aldo infusion in WT mice produced a transient fall in Hct, a sign of plasma volume expansion, which was followed by a return to normal levels as early as day 4. Despite 14 days of Aldo infusion, WT mice displayed no signs of fluid retention as evidenced by normal sodium balance, plasma sodium concentration, Hct, and body weight. Moreover, renal expression of sodium transporters in these animals was downregulated, a phenomenon known to be associated with Aldo escape. Together, these results strongly support that the Aldo-infused WT mice had developed the escape phenomenon. In contrast with WT controls, the Aldo-infused KO mice exhibited the steepest fall in Hct on day 4, which failed to return to normal values on day 14, suggesting persistent plasma volume expansion. Along this line, Aldo-infused KO mice also developed hypernatremia and body weight gain. Furthermore, the escape-associated downregulation of renal transporters was attenuated in the KO mice. Renal excretory function was evaluated with two different protocols. As discussed in RESULTS, the first protocol is limited in that evaluation of urinary sodium excretion in the first 2 days of Aldo infusion was confoundingly influenced by the surgical procedure. At later time points after recovery from the surgery, urinary sodium excretion in the KO mice was not different from their WT controls but appeared to be inappropriate relative to increased intake, indirect evidence of impaired renal excretory function. In the second protocol, in which metabolic studies were conducted after recovery from the surgical procedure, we did observe that the KO mice displayed blunted natriuresis in the early phase of Aldo escape. Overall, the distinct responses of the two mouse strains during Aldo infusion demonstrated an important role of mPGES-1 in the escape phenomenon.
The role of mPGES-1 in Aldo escape is supported by the observation that renal mPGES-1 expression was significantly induced under this circumstance. Unexpectedly, the induction occurred in the proximal tubule, which is not a typical site for production or action of PGE 2 in the kidney. PGE 2 production in microdissected nephron segments has been measured in the presence of an excess of arachidonic acid by using radioimmunoassay or enzyme immunoassay (14, 15, 31, 35, 46) . Despite differences in absolute values, the profiles were similar: low values in the proximal tubule, increasing in the thin limbs of the loop of Henle, low again in the thick ascending limb of the loop of Henle (TAL), and very high in the collecting duct (3). The lack of active PGE 2 synthesis in the proximal tubule is commensurate with the absence of the key enzymes in the PGE synthesis pathway in this nephron segment. COX-1 and COX-2, which are rate-limiting enzymes in the PG synthesis pathway, are detected at substantially lower levels in the renal cortex than in the renal medulla (61) . In the renal cortex, COX-1 is mainly expressed in the glomerulus and cortical collecting duct and COX-2 in the macula densa, and neither enzyme was found in the proximal tubule (28, 62). mPGES-1, which is the best-characterized PGES, is coexpressed with COX-1 in the distal nephron and with COX-2 in the macula densa and medullary interstitial cells, and, again, is absent in the proximal tubule (47) . Tubular perfusion studies have demonstrated the direct effects of PGE 2 on tubular transport in the TAL and the collecting duct (8, 22, 24, 29, 30, 49, 51) , where active PGE 2 synthesis takes place. A functional role for PGE 2 in the proximal tubule has been less often described, although PGE 2 is reported to antagonize the actions of parathyroid hormone in the perfused proximal straight tubule (12) . In line with the renal activation of PGE synthesis enzymes in escaped WT mice, urinary PGE 2 excretion in these animals was significantly elevated. The remarkable blockade of PGE 2 excretion in the KO mice further suggests that mPGES-1 may represent a major source of enhanced renal PGE 2 synthesis during Aldo escape.
A detailed mechanism responsible for the induction of mPGES-1 in the proximal tubule in Aldo escape remains elusive. However, the finding that Aldo infusion in conjunction Ϫ1 , the animals were placed on a low-salt diet for 3 days and then switched to a normal-salt diet to allow escape to occur. At the indicated time points of the switch in diet, animals were placed in metabolic cages, and sodium and water intake and output were determined. Day 0 corresponds to the last day of low-salt treatment. A-F are defined as in the legend for Fig. 9 . Values are means Ϯ SE; n ϭ 7/group. *P Ͻ 0.05 WT at the corresponding period.
with a low-salt diet failed to induce any of these enzymes strongly suggests that the induction was relevant to the escape process rather than Aldo per se. Along this line, DOCA treatment elevated renal medullary COX-2 expression in rats fed a normal-salt diet, but the stimulation was less in saltdepleted animals (64) . Aldo escape is attributed to the activation of compensatory mechanisms secondary to the increases in renal perfusion pressure (26) or extracellular volume. It seems reasonable to speculate that these hemodynamic variables might be directly responsible for activation of the renal PGE synthesis pathway. Recently, Broadbelt et al. (6) reported that exposure of proximal tubular epithelial cells to pressures of 20 -120 mmHg induces production of nitric oxide, another potential mediator of Aldo escape. This observation prompts future examination of PGE 2 synthesis in pressurized proximal tubular epithelial cells.
The molecular targets of PGE 2 during escape appear to be renal sodium and water transporters. In this regard, a 14-day Aldo infusion in WT mice induced a marked, widespread suppression of sodium transporters in virtually all nephron segments, including NHE3 (proximal tubule), NKCC2 (TAL), and NCC (distal convoluted tubule), as well as in ␣-, ␤-, and ␥-ENaC (collecting duct). In contrast, in mPGES-1 KO mice, this suppression was significantly attenuated or completely blocked for most of the sodium transporters. Similarly, the escape in WT mice was associated with downregulation of AQP 2 that was also attenuated in mPGES-1 KO mice. Together, these findings suggest that in Aldo escape, mPGES-1-derived PGE 2 may broadly suppress the expression of various sodium and water transporters. In agreement with our findings, Bae et al. (2) recently reported a remarkable, parallel reduction of various sodium and water transporters in the kidney of DOCA-salt rats. Indeed, the majority of the functional studies show that both proximal and distal tubular responses are required in the escape (21, 36, 48, 59) . However, our results disagree with the studies showing selective downregulation of NCC or NKCC2 but upregulation of NHE3 in Aldo-escaped rats (43, 53, 55) . The reason for the discrepancy is unclear but may be related to differences in animal species or experimental protocols. For example, the length of Aldo infusion in these studies is shorter (4 days) than that in our study (14 days). It seems possible that the distal nephron response may be sufficient to produce escape from short-term Aldo treatment, whereas the proximal tubular response may be required in the face of long-term Aldo treatment.
Besides the renal action of mPGES-1 as discussed above, we have also discovered a central action of this enzyme in regulation of sodium and water intake during mineralocorticosteroid excess. With the two different protocols mentioned above, we consistently observed increases in sodium and water intake in the Aldo-infused mPGES-1 KO mice compared with their WT controls. A question arises as to whether mPGES-1 regulates sodium and water intake during changing sodium balance in the absence of meinrealocorticosteroid. Salt and water intake in the KO mice on normal-and high-salt diets has been examined in our previous study (33) . This study shows that although the initial natriuretic response to high-salt loading is attenuated in the KO mice, sodium intake is not different between the genotypes. In the present study, we examined sodium and water intake in the KO mice on a low-salt diet. Again, we did not observe differences in sodium and water intake between the genotypes after salt depletion (data not shown). Therefore, the central regulation of sodium and water intake by mPGES-1 might be only operative in response to mineralocorticosteroid excess or other positive signals for sodium and/or water intake. Although no prior studies examine the role of PGE 2 in the regulation of sodium appetite, exogenous PGE 2 is reported to suppress drinking induced by ANG II when both were injected into rat cerebral ventricles (18) and, conversely, inhibition of endogenous PG synthesis with indomethacin augments water intake in response to intravenous infusion of ANG II (34) . Future studies are needed to determine the molecular mechanism underlying the central action of mPGES-1.
In summary, in response to a 14-day Aldo infusion, mPGES-1 KO developed sustained plasma volume expansion, sodium retention, and body weight gain, accompanied by impaired renal excretory function and increased sodium intake. The escaped WT mice were associated with increased urinary PGE 2 excretion and a parallel induction of mPGES-1, COX-1, and -2 in the proximal tubule. The increase in urinary PGE 2 excretion was significantly blunted in mPGES-1 KO mice. These results suggest a novel role of mPGES-1 in the proximal tubular response in Aldo escape and also in the central regulation of sodium intake.
